In this experiment, fifty four, 6-week-old weaned New Zealand White rabbits were used to investigate the impact of dietary supplementation with nano-selenium or glutamine on growth performance and carcass characteristics of growing rabbits fed diets containing two crude protein levels. A factorial experiment (2x3), being two levels of dietary crude protein (16 and 14 %) without or with organic nano-Se (0.1 mg/kg feed) and glutamine (10 g/kg feed) were performed. Rabbits were randomly distributed into 6 equal experimental groups; each contained three equal replications. Each replicate group was housed in a separate cage and fed their respective experimental diets from 6 to 15 weeks of age. Feed and water were offered ad libitum throughout the experimental period. Apart from the effect of feed supplements, rabbits fed the normal crude protein level (16%) achieved significantly better growth performance (final live body weight, daily weight gain, daily feed intake and feed conversion ratio) while carcass traits were not affected compared with those of rabbits fed the low crude protein level. But dietary supplements (nano-Se or glutamine) did not significantly affect criteria of growth performance or dressing-out percentage of rabbits. Dietary protein by added supplements interaction did not significantly affect traits, investigated in the present study, the whole experimental period. Based on the present results, it can concluded that the crude protein level (14%) is inadequate for attaining normal growth of post-weaning New Zealand White rabbits. However, dietary supplementation with nano-selenium or glutamine proved to be ineffective.
INTRODUCTION
In all livestock, the current trend is to maximize N retention by adjusting dietary protein level accordingly to a balanced amino acid supply and thus avoiding any N excess in the diet. In rabbits, about two thirds of ingested N is excreted (Xiccato et al., 2006) and therefore a reduction in dietary protein level may help to minimize the N excretion to the environment. Furthermore, this reduction may also help to control the growth of pathogenic bacteria that promote higher mortality in the post-weaning rabbits. Feeding growing rabbits on dietary protein levels less than 16 % may adversely affect their growth performance during the post-weaning period.
Application of nanotechnology in the agri-food sector potentially offers huge benefits for both consumers and manufacturers in a wide range of applications. Many of these benefits result from the ultrafine dimensions of nano-particles, which enable them to reach new locations in the body, and thus can perform their biological functions more efficiently (Kaiser, 2007) . According to the recent literature, consumers are more concerned about food produced by the application of nanotechnology (Siegrist et al. 2008) .
It has been reported that dietary supplementation of Se at 0.1 ppm produced an improvement in fetal and birth weight of offspring in rabbit does but the level of 0.3 ppm was not effective (Struklec et al, 1994) . Selenium passes from the blood into the tissues and is mainly concentrated on proteins particularly selenocysteine and glutathione peroxidase in kidneys, liver, pancreas, and spleen and to a small extent in muscles, bones and brain. In addition, selenium plays another vital role in the thyroid, as a part of glutathione peroxidase (Struklec et al, 1994) .
Glutamine is the most abundant amino acid in the plasma, where it functions as a non-toxic nitrogen vehicle (Carrascosa et al., 1984) and a respiratory fuel (Moreadith and Lehninger, 1984) . Thus, it is not surprising that glutamine behaves as a key nutrient for rapidly dividing cells. Recent studies showed that specific nutrients such as amino acids can promote gastro-intestinal integrity (Clifford, 2006) .
The objective of this study was to evaluate the effect of single addition of nano-selenium (0.1 ppm) and glutamine (1.0%) to diets containing two levels of crude protein (16 and 14%) on growth performance and economical efficiency of growing rabbits.
MATERIALS AND METHODS
The experimental work of the present study was carried out at the Poultry Research Unit, Agricultural Research and Experimental Center, Faculty of Agriculture, Mansoura University.
Experimental animals and management.
Fifty four, 6 weeks old weaning New Zealand White (NZW) rabbits were used in this study. Rabbits were randomly distributed into 6 equal experimental groups; each contained three equal replications. Each replicate group was housed in a separate cage with the following dimensions (50×50×45 cm) for length, width and height, respectively. Rabbits were fed their respective experimental diets from 6 to 15 weeks of age. Feed and water were offered ad libitum throughout the experimental period. The values of live body weight and feed intake were recorded on a replicate group basis and thus daily weight gain and feed conversion were also calculated.
Feed supplements
In the present study, the organic nano-selenium and glutamine were processed and supplied by the Egyptian National Research Center. The product of organic nano-Se, tested herein, contained 5000 ppm Se of which 2.0 g were added to 100 kg of the basal diet to contain 0.1 mg Se/ kg, while glutamine was added at a level of 10 g/kg feed (equivalent to 1.0% of the diet).
Experimental rations and design.
An experiment (2×3) was conducted with factorial arrangement of treatments, being two levels of dietary crude protein (16 and 14 %) without or with organic nano-Se (0.1 mg/kg feed) and glutamine (10 g/kg feed). Thus, six experimental rations were formulated and used. The experimental groups of rabbits were fed their respective experimental rations in pelleted form. Two basal rations were used in this study; the first containing 16% CP which served as a control (R1) and the second one contained 14% (R4). The composition and calculated analysis of the basal diets are presented in Table  1 , according to NRC (1977) recommendations. The control ration was supplemented with organic nano-Se and glutamine and termed R2 and R3, respectively. The low crude protein basal ration was supplemented with organic nano-Se and glutamine and termed R5 and R6, respectively.
Growth performance parameters:
Live body weights of the experimental rabbits were individually recorded the start of the experiment and on a weekly basis thereafter, estimated to the nearest five grams in the early morning before receiving any feed or water. Body weight gain and feed conversion ratio were also calculated on a replicate group basis. Mortality of rabbits was also monitored and recorded daily.
Carcass evaluation:
At the end of the experimental period, three rabbits from each experimental treatment were randomly chosen and slaughtered to study carcass characteristics. Rabbits were fasted for approximately 18 hours before slaughtering, individually weighed and slaughtered according to the rules of Islamic religion. Slaughter data were immediately recorded for the individual rabbits. Skinning was carried out by removing the skin including tail and legs. Carcasses were eviscerated and the different organs (e.g. Liver, heart, kidneys, viscera and lungs) were removed and immediately weighed to the nearest gram. Absolute weights of dressed carcass and organs and dressing-out percentage were estimated.
Statistical analysis:
Statistical analysis of data was carried out using the General Linear Model Program of SAS (2000) . Differences among means of treatments were identified by Duncan's Multiple Range Test (Duncan, 1955) . The obtained data for productive traits of different groups of rabbits were subjected to factorial analysis of variance according to the following mathematical model:
Where; Yi j k = Observation of the tested factor, µ = Overall mean, Ti = The effect of CP level, L j = The effect of supplements, TL i j = The interaction between CP level and supplements and e i j k = experimental random error.
RESULTS AND DISCUSSION

Live body weights and weight gain of growing rabbits:
The effects of feeding diets containing two levels of crude protein and supplemented with nano-Se or glutamine on live body weights and weight gain of growing rabbits are presented in Tables 2 and 3, and the Figure 1 . No deaths of rabbits occurred during the duration of this study.
Apart from the effect of feed supplements, dietary protein level did not significantly (P>0.05) affect live body weights (LBW) of rabbits up to the 10 th week of age (Table 2) . However, rabbits fed the normal dietary protein level (i.e. 16% CP) achieved significantly (P≤ 0.05) higher LBW compared with those of rabbits fed the low protein level, irrespective of the effect of fed supplements ( Table 2) . Regardless of the effect of dietary protein level, addition of nano-Se or glutamine had no significant effect (P>0.05) on live body weights of rabbits at different ages of the experimental period, from 6 to 15 weeks of age. Dietary protein by added supplements interaction did not significantly affect live body weight of growing rabbits throughout the whole experimental period from 6 to 15 weeks of age.
As regards the effects of dietary treatments, rabbits fed the diets containing the normal crude protein level (16%) exhibited significantly higher (P≤0.05) body weight gain during the 8 th , 11 th , 15 th and during the entire experimental period (6-15 weeks of age), regardless of the effect of dietary supplements. Apart from the effect of dietary protein level, addition of nano-Se or glutamine had no significant effect (P>0.05) on body weight gain (BWG) of rabbits at all age intervals and the whole experimental period, except at period from 10-11 weeks of age in which nano-se caused superior daily weight gain of rabbits compared with their control counterparts. Dietary protein by added supplements interaction did not significantly affect live body weight of growing rabbits throughout the whole experimental period, except at period from 10-11 weeks of age in which nano-se produced better daily weight gain of rabbits compared with the control group.
The lack of significant differences in LBW and BWG of rabbits fed diets supplemented with glutamine is in agreement with the results of Chamorro et al. (2010) , who reported that dietary supplementation with glutamine did not affect average daily gain of growing rabbits. Also, Dokoupilova et al. (2007) noted that added dietary Se did not significantly affect BWG of growing rabbits. The present results are also in harmony with the findings of Cai et al. (2012) , who observed no effect of added dietary nano-Se up to 2.0 mglkg on body weight gain of broiler chicks during both starter and grower phases. Independently from the effect of dietary treatments, means of daily weight gain, obtained in the present study, are in harmony with those reported by Schiere (2004) , who found that growth rates around 15-20 grams per day are common in rabbits reared at the tropics, even though it is possible to obtain 30-40 grams per day on very good feeds. In disagreement with the present results, Ebeid et al. (2012) reported that feeding male California rabbits on diets supplemented with organic Se (0.15 or 0.30 ppm) resulted in an increase in live body weight and daily weight gain compared with their control counterparts. Similarly, Malayoglu et al. (2009) fed broiler chicks from day-old to 42 days of age on diets supplemented with organic Se (Se-enriched yeast) at 0.15 or 0.30 mglkg and found a significant improvement in body weight and body weight gain due to feeding the organic Se at 0.30 mglkg diet but not at the level of 0.15 mglkg. Working with growing pullets, Mohapatra et al. (2014) found that feeding diets enriched with nano-Se up to 0.30 mglkg from 9 to 20 weeks of age produced an improvement in live body weight of pullets when the level of added nano-Se reached 0.60 mglkg body weight of pullets was negatively affected. In addition, Hanafy et al. (2009) evaluated the response of Bandarah laying hens to feeding diets fortified with organic Se up to 0.30 mglkg from 40 to 60 weeks of age and found that live body weight of hens increased significantly compared with the control group. Feed intake and feed conversion ratio of growing rabbits:
The effects of feeding diets containing two levels of crude protein and supplemented with nano-Se or glutamine on daily feed intake (DFI) and feed conversion ratio (FCR) of growing rabbits are presented in Tables 4 and 5, respectively. Apart from the effect of feed supplements, dietary protein level exerted a significant effect (P≤ 0.05) on DFI of rabbits during the periods of 9-10, 10-11, 11-12, 12-13, 13-14, 14-15 weeks of age (Table 4 ). During the entire experimental period (from 6 to 15 weeks of age) DFI of rabbits fed the low crude protein diet was significantly lower (P<0.01) than that of the control group, irrespective of the effect of added supplements (Table 4) .
With regard to the effect of dietary protein level on FCR, dietary protein level had a significant effect (P≤0.05) on FCR of growing rabbits during the periods of 7-8 and 10-11 weeks of age and during the whole experimental period (Table 5) , irrespective of the effect of dietary supplements. During the entire experimental period, FCR of rabbits fed the normal crude protein level (16%) was significantly better (P<0.05) than that of rabbits fed the low crude protein level (14%), regardless of the effect of added supplements (Table 5 ). Regardless of the effect of dietary protein level, addition of nano-Se or glutamine had no significant effect (P>0.05) on DFI or FCR of rabbits throughout the experimental period, except during the period of 10-11 weeks of age in which rabbits fed the nano-Se-supplemented diets exhibited significantly better (P<0.01) FCR compared with that of the control group. Dietary protein by added supplements interaction did not significantly affect DFI and FCR of growing rabbits throughout the whole experimental period from 6 to 15 weeks of age. The interaction between dietary protein level and added supplements on DFI of growing rabbits was insignificant, except during the period of 11-12 weeks of age which was significant (P<0.05). Dietary protein by added supplements interaction did not significantly affect FCR of growing rabbits, except during the period of 10-11 weeks of age which was significant (P<0.01).
The present results are in agreement with the findings reported by Chamorro et al. (2007) , who found that dietary supplementation with glutamine did not affect average daily feed intake or feed efficiency of growing rabbits during the entire fattening period. Also, Dokoupilova et al. (2007) noted that added Se (Se-enriched yeast) did not affect FCR of growing rabbits. The present results also agree with the findings of Cai et al. (2012) , who observed no effect of added dietary nano-Se up to 2.0 mglkg on feed intake of broiler chicks during both starter and grower phases. Similar results were obtained by Malayoglu et al. (2009) , who found that broiler chicks fed diets supplemented with organic Se (Se-enriched yeast) at 0.15 or 0.30 mglkg achieved comparable means of feed intake and feed conversion ratio to those of the control chicks. With laying hens, Hanafy et al. (2009) observed no significant differences in feed intake of Bandarah pullets fed diets fortified with organic Se up to 0.30 mglkg compared with the control group.
On the other hand, Ebeid et al. (2012) reported that feeding male California rabbits on diets supplemented with organic Se (0.15 or 0.30 ppm) led to inferior feed conversion ratios compared with their control counterparts. Working with growing pullets, Mohapatra et al. (2014) found that feeding diets enriched with nano-Se up to 0.30 mg/kg from 9 to 20 weeks of age positively affected feed conversion ratio of pullets but when the level of added nano-Se reached 0.60 mg/kg FCR was negatively affected. In general, the inconsistent results among different studies in the scientific literature regarding the responsiveness of growing animals to dietary supplementation with nanoselenium or glutamine could be related to a variety of factors such as species, genotype, age, diet composition (amino acid profile), duration of study, processing of nano-Se and its carrier, and added dose etc.
Carcass characteristics of growing rabbits:
The effects of feeding diets containing two levels of crude protein and supplemented with nano-Se or glutamine on carcass characteristics of growing rabbits are presented in Table 6 .
Apart from the effect of feed supplements, dietary protein level exerted a significant effect (P≤ 0.05) on absolute weights of skin, head, liver and kidneys but other carcass traits were not affected (Table 6 ). Apart from the effect of feed supplements, feeding the low crude protein level (14%) negatively affected (P≤ 0.05) weights of skin, head and kidneys of rabbits compared with those of the control group. Regardless of the effect of dietary protein level, addition of glutamine led to a significant reduction in weights of skin, viscera, head, liver and kidneys but added nano-Se had no effect on all carcass traits measured compared with the control group. Dietary protein by added supplements interaction did not significantly affect all carcass traits examined in of 15-week-old growing rabbits.
The absence of significant differences in dressing-out percentage of the experimental rabbits agrees with the findings of Dokoupilova et al. (2007) , who noted that added Se (Se-enriched yeast) did not affect dressing-out percentage of growing rabbits. In disagreement with the present results, Ebeid et al. (2012) reported that feeding male California rabbits on diets supplemented with organic Se (0.15 or 0.30 ppm) led to an improvement in both hot carcass weight and dressing percentage compared with their control counterparts. 
